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Preface 
X-ray crystallographic studies of nucleic acid monomers have provided a wealth 
of information concerning their geometry, conformational flexibility and molecular 
interactions. Our laboratory has been interested in the crystal structures of modified 
nucleosides and nucleotides with a view to analyse the influence of various base and 
ribose modifications on the structure and conformation of nucleic acid components. 
This thesis presents the crystal structures of the following modified nucleosides and 
nucleotides. 
1. 2/,3'-0-pAnisylidene adenoreine and uridine 
2. N6-Anisoyl adenosine and cytidine 
3. 2',3',5/-Tki-0-Benzoyl guanosine and inosine 
4. N3,2',3'-Tri-0-Benzoyl uridine 
5. 2'-Deoxy-5'-0-Trityl t hymidine 
6. 2',3'-0-Isopropylidene adenosine 5'-Monoacetate and 
7. Sodium 2'-deoxyadenosine-3':5/-cyclic monophosphate 
Chapter 1 presents a brief account of nucleic acid crystallography, importance 
of modified nucleosides and nucleotides, mismatched base pairs, unusual nucleic acid 
structures (triplex and quadruplexes) and weak hydrogen bonds. It also explains the 
nomenclature and conventions used in describing the structure and conformational 
features of nucleotides and the computer programs used in. solving and analysing their 
structures. 
Chapter 2 deals with the crystal structures of N6-anisoyl adenosine (ASA) 
and 2',3'-0-p-anisylidene adenosine (ADA). ASA crystallizes in the monoclinic space 
group P21 with cell parameters a = 9.412 (2), b = 6.914 (I), c = 14.667 (2) A and ,f? 
= 102.89 (2)". The ADA crystal belongs to orthorhombic space group P21 2121 with 
a = 6.629 (2), b = 7.9169 (3) and c = 37.11 1 (5) A. Three dimensional CuKa in- 
tensity data consisting of 2026 and 2164 reflections were collected for ASA and ADA 
respectively on CAD-4 diffractometer. Both structures were solved by direct methods 
and full matrix refinements converged the R-factors to 0.037 and 0.067 for ASA and 
ADA respectively. The adenine base adopts the syn conformation with X ~ N  = -68.1 
(2) in ASA contrasting with the anti( XCN = -116.8 (4))O geometry in ADA. Fura- 
nose moieties of ASA and ADA demonstrate C2'-endo, C3'-exo and 04'-endo, Cll-exo 
puckering respectively and the conformation about the exocyclic C4'-C5' bond is t 
and g+ in ASA and ADA respectively. Comparison of structural features of these 
two structures reveal that the effect of the same substituent on the structure and 
conformation depends on the size, nature of substituent and site of substitution ,on ' 
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the nucleic acid component. Analysis of non-bonded energy calculations on ASA and 
ADA is also presented. 
Chapter 3. reports the structures of 2',3'-O-panisylidene uridine (ADU) and 
N6-anisoyl cytidine (ASC). ASC belongs to the monoclinic space group P21 with unit 
cell dimensions a = 4.851 (2), b = 13.535 (2), c = 14.013 (1) A and ,b = 97.28 (2)' and 
ADU the orthorhombic space group a = 5.234 (I) ,  b = 7.187 (1) and c = 43.209 (9) 
A. The CuKa intensity data were collected on a diffractometer upto sinO/X = 0.62 
and 0.56A-' for ASC and ADU respectively. Unique reflections with 10 >20(I) were 
used in the structure solution. The crystal structures were solved by direct methods 
using SHELXS86 and refined to R-factors of 0.047 and 0.106 for ASC and ADU 
respectively. The bases in both the nucleosides assume anti orientation about the 
glycosidic bond C1'-Nl. The furanosyl ring in ASC adopts C2'-endo, C3'-exo twist, 
puckering whereas in ADU it is C4'-endo envelope pucker. The conformation about 
the exocyclic bond C4'-C5' is g- in ASC and gS in ADU respectively. Comparison 
of these nucleoside structures shows that the conformational features of anisoyl and 
anisylidene nucleosides are different. 
Chapter 4. describes the crystallographic studies on 2',3',5'tri-0-benzoyl guano- 
sine (TB G) and 2',3',5'tri-0-benzoy inosine (TBI) . Both of them crystallizes in or- 
thorhombic space group P212121. The lattice parameters are a = 10.818 (Z), b = 
11.337 (2) & c = 23.314 (3) A and a = 9.848 (2), b = 10.800 (2) & c = 25.682 (3) 
A for TBG and TBI respectively. X-ray intensity data were collected with CuKa 
radiation on a diffractometer for both crystals upto sinf3/X = 0.62Av1, yielded 2738 
and 3025 reflections having 10 >2a(Io) for TBG and TBI respectively. Structures of 
TBG and TBI were solved by direct methods and refined to R-factors of 0.050 and 
0.045 respectively. The guanine base assumes syn (xCN = -78.4 (4)* ) orientation 
with respect to the ribose moiety whereas hypoxanthine base assumes anti (-93.9 
(3)") conformation. Both nucleosides have ribose puckering C3'-endo, C2'-exo and 
g+ conformation about C4'-C5' bond. Guanine bases of TBG form G.G base pairs 
through N1 ... N7 and N2 ... 0 6  hydrogen bonds. A brief discussion on G.G base pairing 
is presented. The hypoxanthine base of TBI interacts through N 1  ... N7 and C2 ... 0 6  
hydrogen bonds. 
Chapter 5. presents the structure and conformations of N3,2'3' tri-0-benzoyl 
uridine (TBU) and 2'-deoxy-5'-0-tritylthymidine (5'-TT). TBU belongs to the mon- 
oclinic P2 and 5'-TT to the orthorhombic space group P212121. The unit cell dimen- 
sions are a = 14.202 (2), b = 5.737 (3), c = 33.319 (5) A & ,f3 = 92.93 (2)' and a 
= 9.985 (2), b = 15.742 (2) and c = 36.491 ( 5 )  A for TBU and 5'-TT respectively. 
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CuKa intensity data consisting of 4788 and 4475 observed reflections with 10 2 2a(I) 
for TBU and 5'-TT were collected on a CAD-4 diffractometer. Both structures were 
solved by direct methods and refined by full matrix least square method to R-factors 
of 0.050 and 0.085 for TBU and 5'-TT respectively. There are two molecules in the 
asymmetric unit of both the structures. The conformation of the uracil and thymine 
bases of both the nucleosides are anti. The furanosyl rings in TBU adopt C3'-endo 
envelope puckering. In 5'-TT, the molecule A assumes C2'-endo, C1'-mo whereas 
molecule B shows C3'-endo puckering. The conformation about the exocyclic bond 
C4'-C5' in both nucleosides is g+. Thymine bases of molecules A and B of 5'-TT form 
pairs through N3 ... 0 2  hydrogen bonding which could be classified a s  symmetric type. 
The two crystallographically independent 5'-TT are related by a pseudo 2-fold axis 
nearly perpendicular to the base pairs. 
Chapter 6 describes the crystal structures of sodium 2'-deoxyadenosine-3':5'- 
cyclic monophosphate (cdAMP) and 2',3'-0-isopropylidene adenosine 5'-monoacetate 
(IsoAA). cdAMP crystallizes in the triclinic P1 space group with a = 6.541 (I) ,  b = 
12.437 (2), c = 12.882 (2) A, a = 69.45 (2)O, ,f3 = 81.58 (3)O, and y = 79.48 (2)'. This 
nucleotide structure was solved and refined to a final R-factor of 0.091 using 3336 
observed reflections ( I>4a(I) ) collected on a diffractometer. Adenine bases of both 
cdAMP are in anti conformation with xcp~ = -113 (1) and -113 (1)" for molecules A 
and B respectively. The ribose moieties of both molecules show C4'-exo conformation. 
The conformation about the exocyclic bond C4'-C5' in both molecules is trans-gauche. 
The two sodium ions in the asymmetric unit display octahedral coordination and both 
of them coordinates with N3 nitrogens of the adenine base. One of the Na ions in 
the CAMP structure coordinates with N1 of the adenine bases. Molecules A and B 
of cdAMP are related by an approximate Zfold along the baxis. IsoAA crystallizes 
in orthorhombic space group P21 2121, with cell parameters a = 8.180 (2), b = 20.035 
(2) & c = 20.640 (3)A and Z = 8. CuKa intensity data were collected on a CAD-4 
diffractometer upto sinO/X = 0.56A-' 937 reflections having I>2a(I) were used for 
computation and the structure was solved by direct methods using SHELX-86 and 
refined to a R-factor of 0.104. The adenine base of molecule A assumes syn whereas 
that of molecule B lies in the anti region with XCN = 71 (2) and -168 (I)* respectively. 
The sugar puckering in molecule A is C2'-exo and in molecule B is C3'-endo. The 
conformation about C4'-C5' bond in molecule A the rare trans, gauche (t)  and in 
molecule B is -gauche, gauche (gt). A noteworthy feature of this structure is the A-A 
base pairing. 
